Abstract | Micro-minerals (iron, manganese, zinc, copper, and cobalt) content of some wild legumes and grasses from arid environment of central Punjab (Pakistan) was evaluated during the rainy and dry seasons. The micro-mineral contents of legumes were significantly higher in dry season than rainy season except iron. Legume contents of all minerals except iron were higher during dry season compared to those found during the rainy season under the same environment. Grass forages contained higher values of manganese, zinc, and copper during rainy season and the reverse was true for grasses iron and cobalt during the dry season. Results indicated that legumes were the best sources of manganese and zinc than grasses during both seasons, and grasses had higher amounts of copper and cobalt than legumes while both legumes and grasses were at par with respect to iron. All mean mineral forage values except iron at both seasons were below the critical levels required for ruminants for their growth and reproductive aspects, thus mineral supplements are warranted to alleviate the problems of deficiency in livestock grazing there in legume and grass pastures. 
INTRODUCTION
M ost of the Pakistani lands fall under arid and semi-arid type and very little attention has been paid towards evaluation of the minerals content in soil and forages of these areas. Forage and soil mineral imbalances are common in these arid and semi-arid areas typified by acidic and infertile soils (Ashraf et al., 2006; Khan et al., 2009) . In many areas of the Punjab in Pakistan, deficiencies of both macro-and micro-minerals are common (Khan et al., 2008) and comprehensive mineral supplementation is recommended for successful livestock production.
The information on the mineral status of soil and pasture could be of great importance to livestock producers and environmentalists. Moreover, pasture amendment with fertilizers can create an environment more suitable for plant growth and improve forage nutritive value in this eco-zones deficient in most minerals essential for enhancing the livestock production and reproduction potential (Tiffany et al., 2001) . Therefore, the aim of the present investigation is to provide information to small livestock holders raising ruminants as well as to increase and improve the capability of Livestock Station owned by the Government of Punjab (Pakistan) regarding the use of minerals and overcome the nutritional constraints limiting productivity and impairing the health of farm animals.
MATERIAL AND METHODS
Investigations were conducted at Livestock Station Khizerabad, Sargodha, with arid and semi-arid climate located in north western Punjab at an altitude of 187 m. Average temperature during the experimental trial was 45 ± 5 o C during summer and 20 ± 3 o C during winter. Relative humidity was 35 ± 5% during summer and 85 ± 5% during winter. To study the transfer of mineral nutrients from soil to forage, dominant forage species consisting of both legumes and grasses and mostly grazed by ruminants were collected during rainy and dry season of the year. The plants samples were collected at advanced maturity in the months of June to September during rainy season and during dry season.
The collected forage species form important feed sources for grazing livestock were selected based on local herdsmen's knowledge in the study area and after careful observation of the grazing behaviour of ruminants. A total of thirty composite forage samples were collected after one month interval during each season from the pastures of the animal experimental farm for evaluation of micro mineral contents.
All wild forage samples were collected from the same sites from where soil samples were obtained. These samples then were washed with 1% HCl followed by four washings with distilled water to remove dust particles. Forages samples then were oven -dried at 70 o C for 120 h, ground to powder, and stored in clean dry brown paper bags for further analysis. The dried ground plant material nearly 1 g was digested in sulphuric acid and hydrogen peroxide according to the methods outlined by Wolf (1982) and Ding et al. (2006) . 
STaTISTIcal analySIS
The average concentrations of micro-minerals in forage samples were evaluated using the ANOVA option of the general linear model of the Statistical Program for Social Sciences (SPSS). Following Steel and Torrie (1980) , the significant differences between mean data were determined at 0.05, 0.01, and 0.001 levels.
RESULTS AND DISCUSSION
Forage micro mineral analyses as related to months are presented in Figures 1, 2, 3, 4 and 5, and the mean concentration of each forage micro-mineral in Table 1 , respectively. In both legume and grass forage species zinc, manganese, copper and cobalt content were higher in dry season than those in rainy season except copper in dry pasture and iron in legumes which were found to be higher in dry season. The legumes had higher Fe, Zn and Co content than the grasses in the rainy season and vice versa in dry season. Similarly in the dry season the grasses had higher content of all trace minerals except Cu content than those of legumes during the dry season. The level of all minerals in the both pastures was affected significantly by the seasonal as well as pasture. It has been reported that rapid growth in rainy season tended to dilute some minerals in the forage plants. Low values of some minerals as found in forages in the present investigation have already been reported by some researches (Fujihara et al., 1994; Khan et al., 2009) . Iron concentration was 534 mg/kg in rainy season and 485 mg/kg in the dry season in legumes and 506 mg/kg in rainy season and 523 mg/ kg during dry season in grasses which are considered far above the recommended level for ruminants (NRC, 1996) . Similarly, Mn concentrations in legumes were 144 and 192 mg/kg and in grasses 117 and 105 mg/kg during rainy and dry season, respectively. These values are sufficient for the requirement of livestock in excess but below the tolerance level indicating no danger of toxicity in ruminants (McDowell and Arthington, 2005) . The zinc contents in legumes were 36 and 38 mg/kg and in grasses 29 and 19 mg/kg during rainy and dry season, respectively and were considered at low limit of adequacy except during the dry season in legumes where it was at marginal deficient level as suggested by NRC (1996) and McDowell and Arthington (2005) .
Cu concentrations of legumes were 2.2 and 2.80 mg/kg and of grasses 5.6 and 3.9 mg/kg during rainy and dry season, respectively which were largely insufficient to maintain the normal plasma level as established by NRC (1996) and McDowell (1985) pointing to the supplementation of livestock with a tailored mixture having the most available form of Cu. The Cu levels in legumes during rainy season was 0.05 and in dry season 0.02 mg/kg and in grasses 0.11 and 0.14 mg/kg during rainy and dry season, respectively and these values were in the low limit of adequacy indicated by NRC (1996) and McDowell and Arthington (2005) for ruminants grazing at pasture.
The low levels of Co in forages during both seasons suggest the mineral supplementation as these values are considered to be limiting factors in these pastures. The quality of pasture grass, however, would be markedly affected with changes in their growth stages and better time to use these pastures (Masters et al., 1993) . The concentrations of various trace elements fluctuated inconsistently at different sampling periods, but in most instances the concentrations of Cu, Co and Zn except at some sampling times in legumes and at one sampling period in grass pastures, these elements were far below the recommended requirements for grazing ruminants. Similarly, low concentrations of trace elements have already been reported by Khan et al. (2008 Khan et al. ( , 2009 ) and Masters et al. (1993) in forages collected from different pastures. Fe and Mn levels were in excess, while other elements were in those concentrations what can be expected from acidic soil were found. There were major differences in the trace element concentrations in relation to pasture and season on the farm. Like macro minerals, these differences can likely be related to rainfall, soil type, and pasture species (Masters et al., 1993 ).
In conclusion, based on the results of the present investigation, livestock at this farm requires additional salts
